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(54) Title: MICROSCALE FLUID HANDLING SYSTEM 



(57) Abstract 

A microscale fluid handling system 
(10) that permits the efficient transfer of 
nanoliter to picoliter quantities of a fluid 
sample from the spatially concentrated 
environment of a microfabricated chip to 
"off-chip" analytical or collection devices 
(23) for further off-chip sample manipu- 
lation and analysis is disclosed. The fluid 
handling system (10) is fabricated in the 
form of one or more channels (12), in 
any suitable format, provided in a mi- 
crochip body or substrate of silica, poly- 
mer or other suitable non-conductive ma- 
terial, or of stainless steel, noble metal, 
silicon or other suitable conductive or 
semi-conductive material. The microchip 
fluid handling system (10) includes one 
or more exit ports (16) integral with the 
end of one or more of the channels (12) 
for consecutive or simultaneous off-chip 
analysis or collection of the sample. The 
exit port or ports (16) may be configured, 
for example, as an electrospray interface 
for transfer of a fluid sample to a mass 
spectrometer (23). 














ft 


ft 














ft 












V 




ft 


g i 










IS 












ls 


K 








ft 






\~ 










** 


* 


+• 




ft I > 




is 


ft 












*> 


*i 




IN 


u 














w. 


■p K 




V 




























iS 









K? 














ft 




ft 














Hi 




ft 


















iS 










i 


_j 




it 








ft 










i* 




ft 




<R 








ft 




















ft 






* 














i'i= 












31 


-N 












ft 






ft 










V 
























m 






























iS 


















































iS 




















1? 






•k 












































iii 












: 




































% 
















1 










































&. 




\ 
















































ft 
















-N 












|i 












ft 


s 
















1 








IS 






IS 


ft 












i 






45 


« 


iii 






is 










ft 


-1 










K 










































iS 










tp 






><? 












iC< 






f 




ip 










ft 


•i- 


K 


■*i 














r 








is 




ft 














i-ic! 










-N 


ft 










■ii* 
















ft 


ft 








AJ 










<\ 


ft 


ft 


s 










\ 






ft 




s 


s 


:« 




i : : 




s 




8 


*■ 












m 




ft 






ft 


5 




ft 


ft 








i; : : 








ft 


0 


ft 


A'; 












it 




33 




ft 


33 






33 






1 


1 








iS 




















































"1 






















































IJ 






















































































ft 


ft 
























































% 






































§ 














































ft 












ft 


ft 


s 




































* 








































ii 








ft 






I 






I 












•H 




Is 


ft 




;iiii 
























a 






■w 










G 


ft 






ft 












i 




i | 


33 






ft 






iS 


m 


i 


iS 












ft 


*l 






IS 










ft 








■H 










& 


ft 


K 










ft 












la- 




is 


u 


ft 


4< ft 




53 




ft 






.N 


i(J 




-N 








1 


IS 


il 








I 


.J 


ii 


s 










ft 


•r 








1 ! 








ft 




































V 




lie 




|- 






1 
































□ 'O 




■I 






33 










ft' 














m 








i 










33 ft. 






ft 




*S 




!j= 








i i 































e -s; « 

« '<{■> w 

s .e g 









! & 






E 


G 




■° J 




G 












M 






























4 




























•£ 










¥■ 




?S 


















□ 










































































■? 






?s 






n 














% : 


! P 












■4 
















a 




























iK 


A 


































* 








K 


I 




































M 






A 
















-K- 


\h 


h 












; -H 












£ 




e 














G 








K 




& 


















m 










-.0 












£• 


















t: 


















- H 






























\E 








A 


•V 


























H 








4.; 












































































































■.. 


























































































































































































































m 




z 
















































































m 






































i 
































< 














■v. 













a m 



& p m □ 



•si <G 3g # 



0 a £S K & 



3i s 
h £ 



* * * a s il 

^ ^ e s! , ft 

X S ft! -W =- < J 

!i i !i % -fj s<5 

* * ft 4 £ ;r 

J -J e N ^ I 

£ * *> £ £ * 

w i* ^ f I I 



.£ m -K- g£ 



•it -N 



iy a #j K 







*r fc 




























\- 18 


























"< s 






h 


0 |! 












VJ • ft 






IS 


1 




->> 






^ « 


io e 


















<S 








f A ' 










t »' 


IS 




£ 


in 


















, Sil 


■fc 




•K' 



















































































































d£ 






























ib 










i 




tO 




G 








K 


T- 




V 










■si 










I 


1 


K 




■f> 




■lit 


EE 














e 


■N 




•V'J 


vO 








9 


ft 


K 








0 
















u 


is 












e 


« 












































'] 








n. 


s 













In « -M g; ■»€ ^ 
►0 \ G m P a 
* b G s is 















\ 
















i3 














•k 














\ 


| 






K 




















V 








M 


















H 


















■H! 




\ 














p 








9 














B 








Sg 




\ 


\ 














'N 














<e 












■f 




\- 


























K 




I: 


\ 






























S 


















s 








'5 








■£ 


A 










■R 




\i 










i 






$ 




■IC- 
































m 


f 


rf 






n 








E 




\ 
















c 










































% 






H 






\ 






S 










•1- 






3 
















*> 




\ 




















\ 










k 




S 










\ 


A 




*< 








\ 




























EE 




\ 






H 








V 


K 


1 






























■iVi 




«■ 


IS 






\ 




T 








*\ 








4i 






II 


□i 




































|s 


£ 




e 




\ 
















\ 














,\ 






















\ 
































P 








\ 










g; 
















X 


















V 




'h 














>.D 






K 


4T 


s 












A 


h 














K 






















G 










m 
















?:: L 


A 






Si 




+« 




5t 






CO 




K 


S 






-\ 


o 




& 
















if 


"V 






Si* 


e 


i\ 








f 




















\ 










S 






A 








V 




■k 


H 








\ 




? 








A 






¥: 








\ 


A 




I 


A 


























is 


\ 






tO 






\ 








A 








: S 








h 


























•hi 




































\ 


H 










Q 














I 








*> 


*, 


V 




\ 






N 










A 




i 




































A 












i 




H J 






























I 




i\ 








^ 




o 






















o 


:: 5 












5 






















H 




M 






























\ 






4) 






s 










e 






::K 








































i { 












11 






■K 


'A' 




o 




*S 


re 


- 1 




H 




s 




CM 


>S 


■N 










X 


m 










7 














V 








G 


















-<:G 


\ 












%>. 






i 






H 




■S\ 












o 


? 


m 


■*> 


e 


H 










s 


s 






S 


e 






S 








\l 








jj 


















A 


>s 


m 




o 














\ 






o 


ri 






\ 






o 






% 








V 


A 


\- 













4& 4 



S H -if 





5 






















•ft 
























































0 










































IS 








































































^ 






























>-3 










































G 






















: h 






■iu 
























!0 






b 












































S 




( 








































-if 


0 






•if 




H 
































gi 








it.' 


Si 
























!S 






















-if 
































•r 
































H 




m 






































V 












s 












•4 


IS 









6? 




















h 








P 




























■£ 




























:f' 


















P 




























0 
































i 








■K- 




































T 


















i 




































































u 










•W 












*? 


? 


•st- 




m 








































It 








P 




1 








I: 






































-X- 










•fr 
















l 




















& 












s 






j" 












« 






























■k 




V 


















■K- 










!► 






















A3 




















■si 










P 






» 












H J 






4! 




V 




i 








H 






■si 




























•V 




\ 














































d- 


























































5 








































1 


















P 












H 














v 
































K 














K 






m 






















•s 


























































si 




















& 




























K 














w 
















•!f 






















■K- 


















































«i 






















<Q 


* 




K 


■s 








St 






& 












V 






A 










m 


h 








EE 




s-: 
















e 










IK 










-K- 




































1' 
















o 




>h 
























































'? 
















H 














J* 


























!c f 


"t 


























i» 












f 
































































































Q 






























































M 
























ih 


Sy 
























s 






<* 


































c 


















il 










P 










m 


1 








? 














•si 




















s 




i 




rj 
































H 
















s 




i 




i| 


■ii 


□ 



















































































33 


































g 
















































w. 
































\ 








V 


5 


M 








Q 
























■p 
































'■± 








ii 




















?y 


S 




1 




i 




1 


























H 












i 
































W 










i< 






+4 


i 








ii 




K< 












Hi 
































;s 




sis 


•W 
















55! 






















'6 










«• 








il 


•H 








■K 












■7i 




i 












■< 










H 


















V 














iO 


G 








G 


P 


0 






H 


•N 




Q 


□ 










■i 


















eg 




35 












s 


































V 




m 




























































i\ 




1 


























































•N 






















H 


a 














is 
















AJ 










■■9 






& 






I 










Bd 
































































f 






















K 








-40 




Ki 










■Q 










i 




■6 


















m 


?; 










m 






















T 




■£1 
















e 
















•i:C 






























5: 


















as 




















i 
































* 
















i; 










33 




•if 


a 












V 




* 


















<B 
































m 










'iK 










<n 
























e 














4 
















































i 


» 














i 






















■a 


□ 


i£ 












































B 




g 
































1 


















1 






ii 






















i 


































































































































































































































7 






































































; < 


a 






































1 




























































'Si 




























































® : 
























33 




•f 






















i 
















:? 


























n 














1 












^ 






53 






r 






E 














































e 




i 


_J 


















































\ 














&! 










































0 !<> 


N Z % £ 


















































1 














* 
















* m « £ a 














A 
























































































{/) 






































6 
























5; 






1 


k 
































K 








% 
















































S 


V! 






















































& 




























33 








i: 












































K 


































is 
















| 


1 


















r; 










| 


;.i 


& 


| 




* 




4 




•C IS 










M £ 






1 










_> 


i 



=. i? -o 



-J V 1! <M !i 

-u i 2 :| I 

' J >- - p isK 

v- b a 6 -p 

^ " T 'o 

s w * ■■(> u 

fc ~ '< 'J » 



33 »0 



« $ s 9 - 

S S 2 4j M 



% :g? -,p N 'H 



=3 iK J4i 

is K 

S -N *i 

3 e 




■ti s ^ 

s * <w 
» i - 



























* 








































1 










y 
































1 
















Si 


J 




,\ 






& 








■k 




? 




G 


£ 




Q 


<\ 


K 




A 






,\ 








+t 








H 






\- 














ti 


■t? 














"Y 












G 





































































































































• • 




















S3; 






s 


K 


■w 














I 




•N 






*> 




'Z 










ft 










a 










;i 






















s 








il 










s 






1 
















































K 



X 9 















1 
















I3=S 










































u 






f 


































3 




















I 






























o 








s 




i 






































a 




































H 




35 








































S 
























IS 












? 




-M 








































sS 














«j 




















































!>, 


















m 








-K- 




m 


ft 




1 














*9 






















■ft) 








1 




































































































































ji- 




















































ff 






























-Wi 












is 






Si 


w 












-■> 






































iL 


e 




















































■4 












































V 






-V) 




























































I 










































* 


K? 


A 






















s. 










<R 




G 








vs- 






•si 


































Q 












■J? 


& 




•vu 


V 
















iS 
















is 






eg 






rs: 




s3 




m 
























■k 














is 






ii< 








































V 






















'■S 






























0 












% 








i 


K 


























1g 
























A 










it 












it 






























m 




































44 


•N 


■k 


















1: 










a 


■H 




33 






% 




















i£ 




K 


1- 












i? 












?,J 






















































11 




v! 








V 














'H' ; 




\ 








<° 










?; 


'■' 


*j 






AJ 




















\ 






























V 




•B 










































1& 










lQ 


\ 


K 






































& 


"i 












P. 






if: 




























































































K» 










% 








■s. 






































& 










& 


V 


it 












































;g 




<v 


;;!• :;.« 




































& 












\ 
































































-~ 


: ? ; 








■« 




■& 








■fe 










































































44 Ci 
















U 




1 


J, 








'X' 














< J 




a;; 




%. E' 








*T 






44- 






44- 






1 




iii 




































% 






SI 

























































































■-€■! 




























































as 










m 














V J 






?i: 




m 










^1 








IV 
























i;! 










































iS 


J 
33 




T? 


4 

IS 


s 


A) 

m 








% 
>> 




Vt 






s 


f 










si: 
















K 




* 












| 


K3 






5 




























-S 










« 








■r 


























<M 






VS 


m 




























% 






























































































* 






i 




















I 






























ll 




iS 


































f 
















A) 


r< 


















































-N 


















Q 


























vO 






K> 


fiv 












































'k' 








$! 


| 












a 










! D 




5 














































& 


33 




■33 


si 




^S 










N 




S 


■ft 
























H 


: V 




V 


3? 








'i. 














5 






























S 




-H 




•if 


is 




Q 




i 


'v 

44 






















Q 


>• 


























c 






1 


















33 


























33 














































i 






















































■ii* 


























+1 






































IS A 


| 










w s 




























m 




















|: 


i 


gj ...! 




-K- 










































& 




4:4 ,< 






















il 








K 










S ; is 




IS 




m 




4jS i i 












































-C 






E'S « 


ft] 












| 




















AJ 










■Kj 






* ; S 


IE 




















1 














U 






m 




I? 




































44 





























m 'K- & m 

m *■ * * 

4'J ^ -r £ 

4 e st e 





< * a m 



a 












'0- 


<< 




1 








§ 








s 














is 








AJ 




















sr 










lis) 










t J 
















si «? «i «> v. m , ^ i ». !i s e < m 

m -r 10 s ^ u & •*> « s £ - 'K * 



